Abstract. Based on the mechanism of thermal insulation, a new composite fluorocarbon thermal insulation coating (FTIC) was prepared with three different fillers of closed pore perlite, hollow glass microsphere and nano-antimony tin oxide (ATO) powder, in order to get the best thermal insulation performance, the formula of the composite FTIC was optimized by varying three independent parameters (the content of closed pore perlite, hollow glass microsphere and nano-ATO powder) and using a central composite design under response surface methodology. The test results show that, the temperature difference for the optimized FTIC system is 8.8°C, which is much the same to the value of 9.0°C predicated by response surface methodology model.
Introduction
Considering thermal insulation coating is one of the effective ways to improve building insulation properties and to reduce the energy consumption on air conditioning, we have done much in this area [1] [2] [3] [4] [5] [6] [7] ; however, most researches focus on single or just two insulation mechanisms of thermal insulation combined together. In fact, the heat transfer of building is a result of combined action including obstruction, radiation and reflection. As a result, excellent thermal insulation coatings that can be used on building are still lacking in China. So, the multiple models and synergistic mechanism of thermal insulation coating system should be further studied in order to get excellent thermal insulation coatings.
To meet the national needs for energy saving and emission reduction, this paper prepared a new fluorocarbon thermal insulation coating (FTIC) based on polyvinylidene fluoride emulsion. Using the principle of a central composite design under response surface methodology, this study has considered the content of three different functional fillers as the factors that could be related to thermal insulation performance of FTIC. Based on these, a new composite FTIC with multiple thermal insulation mechanism including obstruction, reflection and radiation was prepared. And the formulation of the composite FTIC was optimized by response surface methodology experiment.
Experimental Methods

Coating Preparation
The composite fluorocarbon thermal insulation coating (FTIC) is prepared by mixing the polyvinylidene fluoride emulsion, thermal insulation functional fillers (as closed pore perlite for obstructive, hollow glass microsphere for reflective and nano-antimony tin oxide (ATO) powder for radiative coatings), solvents and additives according to a certain proportion seen in Table 1 according to our earlier work [8] and the preparation process is as shown in Fig.1 . 
Thermal Insulation Performance Measurements
The thermal insulation performance of FTIC was measured by a self-developed lamp illumination apparatus, which is built according to the "reflective building insulation coatings" (JG/T 235-2008). The FTIC with different categories/content of functional fillers was applied onto cleaned and dried 80×80×2 mm aluminium panel. The obtained dry coating thickness for these coatings was approximately 0.5mm. Meanwhile, ordinary PVDF coatings was also applied onto cleaned and dried 80×80×2 mm aluminium panel and dried as the sample for blank test. Details of the device and its working principle are described elsewhere [9] [10] [11] [12] [13] , the relative temperature difference between the surface and inside after heating balance is recorded as ΔT. After heating balance, the temperature differences between the surface and inside are recorded as ΔTt for FTIC and ΔTo for ordinary coating correspondingly. Accordingly, the absolute temperature difference of the FTIC is Td (
), which represents the absolute heat insulation effect of the test sample.
Advances in Engineering Research, volume 110
Results and Discussion
Single Factor Experiments of the Three Functional Fillers This study has considered the content of three different functional fillers as the factors that could be related to thermal insulation performance of FTIC. Single factor experiment method was adopted to investigate the influence of functional fillers on thermal insulation performance of FTIC. Closed pore perlite, hollow glass microsphere and nano-ATO powder were used respectively to prepare obstructive coating, reflective coating and radiative coating, and the thermal insulation performance of these three categories of FTIC were studied in our earlier work, based on the data we get from our earlier work [8] , we created the variation rules of absolute temperature difference based on the category of functional fillers as shown in Fig.2 . The results showed that the category and content of functional fillers can both affect the thermal insulation performance of FTIC. For all three functional fillers, the temperature difference is not always increase when more content of functional fillers was added in, but there is a maximum temperature difference showed in the experiment range.
Formula Optimized by Response Surface Methodology
Based on the earlier experimental results, the category and content of functional fillers were considered significant. Thereafter, the exact optimal values for the individual factors were determined using a full-factorial central composite design, taking the content of the three functional fillers as the variation, a three-factor three-level experiments design was employed as shown in Table2 and Table3. The actual values of temperature difference for the variables at various levels are given in Table3. The full-factorial central composite design for three experimental variables, each at three levels required 17 experiments to be performed. The effect of each variable, sum of squares, mean square, F-value, P-value and confidence level (%) were determined using the statistical software package Design-Expert Software8.05b. Table 3 represents the experimental design and results obtained for the novel composite thermal insulating fluorocarbon coating. The analysis results of variance on the temperature difference of FTIC are represented in Table 4 In order to validate the regression coefficient, an analysis of variance on temperature difference of FTIC was performed (Table 4 ). Values of "P>F" less than 0.0001 indicate model terms are significant. In this case, AB, AC, A 2 , C 2 are significant model terms, they contributed a significant effect on the temperature difference of FTIC as seen in Table 4 . It is noteworthy that, Greater Fvalue from unity made it more certain that the factors explained adequately the variations in the data
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about its means, and the estimated factor effects are real. Fig.3 shows the iso-response 3D surface plots, showing the effect of closed pore perlite, hollow glass microsphere and nano-ATO powder at different contents on the temperature difference of FTIC. The statistical optimal values for the variables were obtained by moving along the major and minor axis of the contour, and the response at the center point yielded the maximum temperature difference. As a result, based on the 3D plots, the optimal concentration values for A, B, and C (closed pore perlite, hollow glass microsphere and nano-ATO powder) were identified as 0.8, 1.2, and 0.3g, respectively, so, the formula of the FTIC optimize by response surface methodology is as seen in Table4, and the maximum temperature difference can be up to 9.0 ℃ as predicated by the model, which is much higher than the temperature difference of FTIC with just one single mechanism functional fillers [8] .
(a) Diagrams of AB on Td Confirmatory Test of the Model Based on the research done above, the formula of a novel composite FTIC system was optimization by response surface methodology. For the novel composite FTIC, three different categories of functional fillers were contained, and as a result, it can promote the collaborative thermal insulation effect including obstruction, radiation and reflection, the absolute temperature difference Td could be up to 9.0°C as predicated. Thus, in order to verify this prediction, a composite FTIC was prepared according to the formula seen in Table 5 . The absolute temperature difference Td was tested, and the result showed that the absolute temperature difference Td is 8.8°C, which is in great agreement with the results predicated by response surface methodology.
Conclusions
(1) In the formula of a novel composite FTIC optimized by the response surface methodology, the contents of closed pore perlite, hollow glass microsphere and nano-ATO powder are 0.8, 1.2, and 0.3g, respectively.
(2) The test result showed that the absolute temperature difference of the optimized FTIC is 8.8°C, which is much higher than the absolute temperature difference of the FTIC with just one single mechanism functional filler.
(3) For the absolute temperature difference of the optimized FTIC, the predicted value 9.0°C is in great agreement with the results of tested value 8.8°C, that is to say, the response surface methodology is very effective in formula optimization.
